The tribological properties of ultra-thin ionic liquid films (IL films) were evaluated using a Universal Micro-tribometer-2MT tester. The morphologies of the wear tracks of the films and the counterpart surfaces were examined using a JEM-1200EX scanning electron microscope (SEM) equipped with a Kevex energy dispersive X-ray analyzer (EDXA) attachment. It was found that the tribological performances of IL films were closely related to the chemical characteristics of the substrate surfaces. The films of vinyl group functionalized ionic liquids on hydroxylated substrate and vinyl group modified substrate exhibited very good friction-reduction and wear-resistant properties. IL films can be a potential solution to the lubrication of miniaturized devices.
INTRODUCTION
Modern technology has an intensive tendency to miniaturization that means the size of device shrinks as possible as it can be. The spacing between moving surfaces in such devices is usually separated by micro-and nanometers. At micro/nano scale, the failure of materials doesn't conform to the conventional way dominated by the traditional mechanics of materials. Zero wear rates and very small friction forces are required at contacting surfaces in order for miniaturized devices to operate for long time periods. Especially at nanometer scale, the surface area to volume ratio is very high, surface forces become the dominant forces governing the contact behavior. Therefore, adhesion, stiction, and friction are the critical technological issues to resolve. [1~3] In order to meet with the requirements for the development of microelectronic mechanical systems (MEMS) and nano-electronic mechanical systems (NEMS), many efforts have been made to pursue nanometer ultra-thin films having promising applications in protection of the miniaturized devices. For example, various sol-gel ceramic films, LB films, self-assembled monolayers (SAMs), polymeric films, and spin-coatings have been extensively focused on in this respect. ［4~6］
It was found that ionic liquid is promising excellent lubricant. [7] Ionic liquids have some unique properties such as negligible volatility, non-flammability, high thermal stability. Unfortunately, so far little research has been done on their tribological behaviors under the condition of solid lubricating about ionic liquids. In this presentation, IL films are prepared on single crystal silicon wafers pretreated to have different terminals by spin-coating. The tribological performance of the IL films was investigated, with PFPE (Zdol-2000) film as a comparison. The effect of the terminal groups on tribological properties was investigated. Ultra-thin IL films are prospect as excellent wear-resistant and friction-reduction layers.
EXPERIMENTAL DETAILS
The structure of ionic liquid 1-allyl-3-hexyl imidazolium hexfluorophosphate is shown in Fig 1. Silicon wafers were treated in freshly prepared Piranha solution (Volume ratio 7:3 of 98% H 2 SO 4 and 30%H 2 O 2 ) to get hydroxyl-terminated surface [8] , then the vinyl-terminated Si surface were prepared by the self-assembly and the hydrogen-terminated Si wafers were obtained by etching in saturated aqueous solution of NH 4 The solution of ionic liquid in CH 2 Cl 2 with a concentration of 0.5% (w/v) was spin cast onto the pretreated substrates at a speed of 3000rpm. The thickness of the film was measured to be about 15nm, using ellipsometric method. The PFPE films were prepared from a solution of 0.2% (w/v) Zdol-2000 in 1, 1, 2-trichloro trifluoroethane in the same manner, and the thickness also about 15nm. The films were annealed at 120 o C for 3h. September 12-16, 2005, Washington, D.C., USA 
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RESULT AND DISCUSSIONS
The tribological performance of IL films was investigated under relative low sliding velocity in previous work [9] . In this case, the tribological performance of IL films on substrates with different terminus was studied under the load of 0.2N, the sliding velocity of 120 mm/sec corresponding to the frequency of 10 Hz when sliding against AISI-52100 steel ball. The calculated anti-wear life is only three thousands cycles corresponding to a sliding distance of 17m. IL film on hydroxyl-terminated substrates recorded a friction coefficient as low as 0.07, the sliding cycles are in excess of 70 thousand cycles ( about 400m sliding distance) in this case while the films still works well and the friction coefficient keeps stable. The results of IL films on vinyl-terminated substrates are similar to the films on hydroxyl-terminated substrates. It is assumed that there lies strong interaction between the film and the hydroxyl-terminated and vinyl-terminated substrates. Tribological behavior of IL films on hydrogen-terminated substrates is relative poor. It could only sustain a few hundreds of reciprocating cycles. It is speculated that there may exist only weak interaction. hydroxyl-terminated substrate for 70 thousands cycles Fig.3 shows the wear track of the steel ball and the sliding trace on the film for 70 thousands of cycles. Slight scar and enrichment of debris near the edge of the wear scar were found on the worn steel ball. Silicon wafer protected by IL films shows slight scuffing signs (Fig.3b) even after experiencing so many sliding cycles. Fig .4 shows the EDXA plane distributions of the typical elements on the worn steel ball surface corresponding to the above steel ball. It is clearly seen the dark area in Fig 3a was caused by the transfer of ionic liquid lubricant. The transfer of film material to the counterpart may be a key to its good lubrication and anti-wear properties.
CONCLUSIONS
Ionic liquid films on hydroxyl-terminated substrates and vinyl-terminated substrates take on good tribological behavior when sliding against different counterparts (steel or ceramic). The tribological performances of the ionic liquid films were closely related to the chemical characteristics of the substrate surfaces. Therefore, ultra-thin ionic liquid film can be a potential solution to the lubrication of miniaturized devices.
